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Learning objectives

• Classify neuronal responses by time course and 
affected compartment.

• Identify the defining changes of acute “red neurons.”

• Explain synaptic loss, neuronal degeneration, gliosis, 
and axonal reaction.

• Interpret major types of neuronal inclusions and distal 
axonal degeneration.

Pattern recognition

Acute injury Degeneration

Axonal reaction Inclusions



The neuron is the principal CNS functional unit

• Neurons vary in electrical activity, transmitter use, 
and connectivity.

• Their functional and metabolic requirements differ 
across regions.

• Injury to a small strategically placed population 
may have major consequences.

Schematic neuron — not a histologic specimen
Function depends on connections

Cell type and location matter

Loss cannot be quickly replaced



Selective vulnerability reflects neuronal diversity

• Different neuron classes do not respond identically 
to a given insult.

• Shared metabolic needs or connections can define 
a vulnerable population.

• The resulting lesion pattern may follow function 
rather than a single anatomic cluster.

Morphologic sequence

Shared properties

Shared vulnerability

Selective cell loss

Characteristic deficit



Anatomic location shapes clinical consequences

• Different CNS regions mediate different functions.

• Identical cellular injury can yield distinct syndromes 
at different sites.

• Localization and the pathologic process must be 
interpreted together.

Pattern recognition

Anatomic site Neuronal role

Injury pattern Clinical effect



Mature neurons have limited replacement capacity

• Mature neurons are postmitotic and cannot 
proliferate.

• Their integrity must be preserved over the lifespan.

• Destruction of neurons essential to a particular 
function can cause lasting dysfunction.

Schematic neuron — not a histologic specimen
Long-lived cell

No proliferative reserve

Loss may create a deficit



Neuronal injury has multiple timescales

• Acute insults can produce rapidly evolving injury.

• Subacute degeneration progresses over days or 
weeks.

• Chronic degenerative disease evolves over months 
or years.

Pattern and temporal context

Acute

Hours after irreversible insult

Subacute

Days to weeks

Chronic

Months to years



Injurious contexts span metabolism and trauma

• Acute examples include oxygen/glucose depletion 
and brain trauma.

• Severe hypoglycemia is an established cause of 
acute neuronal injury.

• Chronic disorders include neurodegenerative 
conditions of the brain.

Distinguishing patterns

Acute insults

Hypoxia / ischemia

Severe hypoglycemia, trauma

Long-duration disease

Neurodegenerative processes

Months to years



Continuous metabolic supply is critical

• Neurons are highly metabolically active.

• They depend on continuous oxygen and glucose 
delivery.

• Interruption of this supply may precipitate acute 
neuronal injury.

Morphologic sequence

Oxygen + glucose supply

Neuronal metabolism

Acute insufficiency

Cellular injury



Long lifespan creates proteostasis challenges

• Neurons maintain cellular proteins over unusually 
long periods.

• Misfolded proteins may accumulate in vulnerable 
neurons.

• This accumulation triggers the unfolded protein 
response and is implicated in degenerative CNS 
disease.

Morphologic sequence

Long-lived neuron

Protein misfolding

Unfolded protein response

Degenerative injury



Cellular injury produces distinguishable patterns

• Assess the cell body, nucleus, cytoplasm, synapses, 
and axon.

• Identify whether the process suggests death, 
degeneration, or axonal regeneration.

• Use surrounding glial reaction as supporting 
context, not a stand-alone etiology.

Pattern recognition

Soma Nucleus

Processes Background glia



Acute “red neurons” signal irreversible injury

• This is an acute morphologic reaction to severe CNS 
insult.

• It is among the earliest visible manifestations of 
neuronal necrosis.

• The diagnosis rests on a constellation of nuclear 
and cytoplasmic features.

Comparative schematic

Viable-appearing Acute “red neuron”

Depicts key features conceptually; Not H&E imagery



Acute red-neuron change has multiple causes

• Acute CNS hypoxia/ischemia can produce red 
neurons.

• Severe hypoglycemia can produce a similar 
phenotype.

• Other acute insults may also cause this pattern; It is 
not etiologically specific.

Distinguishing patterns

Common setting

Hypoxia / ischemia

Red-neuron morphology

Other acute injury

Severe hypoglycemia

Same general pattern



Red neurons have a characteristic time context

• After irreversible hypoxic/ischemic injury, red 
neurons become evident at 6–12 hours.

• This timing pertains to that insult, not every 
possible neuronal injury.

• Interpret timing alongside clinical history and tissue 
context.

Pattern and temporal context

Acute

Hours after irreversible insult

Subacute

Days to weeks

Chronic

Months to years



Normal neuronal morphology is the reference

• Recognize a discernible neuronal soma and 
nucleus.

• Basophilic Nissl substance is present in the cell 
body.

• Acute injury is identified by simultaneous 
departure from these baseline features.

Schematic neuron — not a histologic specimen
Cell body + nucleus

Nissl substance

Compare with adjacent neurons



Soma shrinkage and eosinophilia mark red neurons

• The injured neuronal cell body contracts.

• The cytoplasm becomes intensely eosinophilic on 
H&E.

• Together, these changes produce the classic small, 
deeply pink appearance.

Comparative schematic

Viable-appearing Acute “red neuron”

Depicts key features conceptually; Not H&E imagery



Nuclear pyknosis is a key acute feature

• The nucleus becomes pyknotic: Condensed and 
intensely staining.

• The normal nucleolus is no longer apparent.

• This nuclear change accompanies other indicators 
of neuronal necrosis.

Comparative schematic

Viable-appearing Acute “red neuron”

Depicts key features conceptually; Not H&E imagery



Loss of Nissl substance accompanies acute injury

• Nissl substance disappears in the acutely injured 
neuron.

• The lost basophilic cytoplasmic detail accentuates 
eosinophilia.

• Assess it with nuclear pyknosis and soma 
shrinkage, not in isolation.

Comparative schematic

Viable-appearing Acute “red neuron”

Depicts key features conceptually; Not H&E imagery



A red neuron is a composite morphologic diagnosis

• Look for shrinkage, pyknotic nucleus, absent 
nucleolus, and Nissl loss.

• Intense cytoplasmic eosinophilia completes the 
phenotype.

• A single nonspecific staining change should not 
substitute for the full pattern.

Pattern recognition

Soma shrinks Nucleus pyknotic

Nissl lost
Cytoplasm 

eosinophilic



Acute neuronal necrosis has a morphologic sequence

• A severe insult precedes visible cell-body 
alterations.

• Red-neuron morphology is an early manifestation 
of irreversible injury.

• The visible change is delayed relative to insult 
onset in hypoxic/ischemic injury.

Morphologic sequence

Acute severe insult

Irreversible injury / necrosis

Red neuron visible at 6–12 h*

Morphologic evidence



Red neurons should not be read as a unique etiology

• Similar morphology occurs in ischemia and severe 
hypoglycemia.

• Etiologic assignment therefore needs clinical and 
anatomic context.

• Neuronal necrosis is a cellular response, not a 
disease-specific diagnosis.

Distinguishing patterns

Morphology

Red-neuron features

Identifies acute neuronal injury

Etiologic diagnosis

Injury context

Requires external evidence



Clinical correlation: Acute ischemic neuronal insult

• Scenario: Oxygen delivery to CNS tissue is 
interrupted.

• Morphology later reveals small, eosinophilic 
neurons with pyknotic nuclei.

• Interpretation: Acute irreversible neuronal damage 
is supported; Mechanism is consistent with 
ischemia.

Interpretive task

Which cell-level findings support 
necrosis? Why does the context 
still matter?

Red-neuron phenotype



Clinical correlation: Severe hypoglycemia

• Scenario: An acute episode of severe glucose 
depletion precedes neurologic injury.

• Red neurons can appear despite no primary arterial 
occlusion.

• The shared morphology reflects neuronal 
metabolic vulnerability rather than one exclusive 
cause.

Interpretive task

Can a red-neuron pattern 
distinguish ischemia from severe 
hypoglycemia?

Etiology is not unique



Timing pitfalls in acute neuronal injury

• The 6–12-hour estimate is specific to irreversible 
hypoxic/ischemic injury.

• An early specimen may not yet display classic red-
neuron morphology.

• Lack of a particular marker at one sampled time 
cannot exclude all injury.

Pattern and temporal context

Acute

Hours after irreversible insult

Subacute

Days to weeks

Chronic

Months to years



Subacute and chronic injury constitute degeneration

• Subacute degeneration involves neuronal death 
over days to weeks.

• Chronic degeneration accompanies progressive 
disorders over months to years.

• The sequence includes synaptic loss, eventual cell 
loss, and reactive gliosis.

Pattern and temporal context

Acute

Hours after irreversible insult

Subacute

Days to weeks

Chronic

Months to years



Synapses can disappear before neuronal somata

• Synapses are the junctions for interneuronal 
communication.

• Loss of synapses is often an early event in 
degenerative disease.

• Functional impairment may precede conspicuous 
neuronal depletion in tissue sections.

Sequence of neuronal degeneration

Synapses lost
Communication declines

Neurons die
Often apoptosis

Gliosis
Secondary tissue response



Synaptic pruning has normal developmental roles

• Pruning removes selected synaptic connections in 
normal development.

• It also contributes to nervous-system plasticity.

• The pathology discussion implicates aberrations in 
this process in some synaptic loss.

Morphologic sequence

Normal synaptic pruning

Development / plasticity

Aberrant regulation

Potential pathologic loss



Aberrant pruning may contribute to disease

• Aberrant synaptic pruning as a possible mechanism 
of synaptic loss.

• This does not imply every neurodegenerative 
disorder begins with pruning.

• Link a proposed mechanism to demonstrable 
morphologic consequences.

Distinguishing patterns

Physiologic process

Synaptic pruning

Development and plasticity

Possible pathologic change

Aberrant pruning

Associated synapse loss



Early degeneration can be difficult to see

• Initial synapse loss may not create striking neuronal 
soma depletion.

• Routine examination may underestimate early 
functional injury.

• Reactive glial changes can make underlying 
neuronal injury more apparent.

Sequence of neuronal degeneration

Synapses lost
Communication declines

Neurons die
Often apoptosis

Gliosis
Secondary tissue response



Chronic disorders can selectively affect neuron groups

• Neuronal apoptosis may preferentially involve 
functionally related populations.

• Cell loss need not be uniform throughout the CNS.

• Patterns of dysfunction reflect both cellular 
vulnerability and neuroanatomy.

Pattern recognition

Selective neurons Related networks

Progressive cell loss Functional deficits



Apoptotic death is part of degeneration

• The source describes apoptosis following synaptic 
loss in chronic disease.

• Cell death is accompanied by reactive changes in 
the tissue.

• Contrast this sequence with acute neuronal 
necrosis and red-neuron change.

Distinguishing patterns

Acute severe injury

Red-neuron necrosis

Hours after ischemia

Slow degeneration

Synapse loss → apoptosis

Days to years



Reactive gliosis can reveal neuron loss

• Astrocytic hypertrophy and hyperplasia define 
gliosis.

• It is a major histopathologic indicator of CNS injury.

• Gliosis may stand out while early neuronal 
depletion remains hard to appreciate.

Morphologic sequence

Neuronal/synaptic injury

Reactive astrocytes

Gliosis

Histologic clue



Gliosis is an indicator, not a specific diagnosis

• Reactive astrocytes occur in many types of CNS 
injury.

• The presence of gliosis alone does not identify the 
injury mechanism.

• Interpret glial changes together with neuron, axon, 
and disease distribution.

Distinguishing patterns

Positive evidence

CNS tissue injury

Reactive gliosis

Cannot infer alone

Specific etiology

Requires context



Alzheimer disease illustrates chronic degeneration

• Alzheimer disease is given as an example of slow 
neuronal degeneration.

• Neurofibrillary tangles are a characteristic neuronal 
cytoplasmic inclusion.

• Injury may involve synaptic loss, neuron death, and 
gliosis over time.

Intracellular change — schematic

Conceptual neuronal protein inclusion

Conceptual drawing; Cannot replace diagnostic 
microscopy



ALS illustrates selective progressive neuron loss

• Amyotrophic lateral sclerosis is another example of 
chronic neuronal degeneration.

• The injury evolves over a prolonged interval rather 
than as a single acute insult.

• Progressive loss of a vulnerable functional neuronal 
population can produce deficits.

Pattern recognition

Long course Selective neurons

Cell death Reactive gliosis



The degeneration sequence connects morphology to function

• Loss of synaptic contact disrupts neuronal 
communication.

• Subsequent apoptotic cell loss reduces the 
functioning cell population.

• Reactive gliosis gives histologic evidence of the 
underlying injury.

Sequence of neuronal degeneration

Synapses lost
Communication declines

Neurons die
Often apoptosis

Gliosis
Secondary tissue response



Acute and chronic neuronal injury differ

• Acute injury: Red-neuron changes and necrosis 
associated with severe insult.

• Chronic degeneration: Synaptic reduction followed 
by neuron loss and gliosis.

• The temporal distinction helps structure a 
differential, but causes may overlap.

Distinguishing patterns

Acute

Red neurons

Necrosis after severe insult

Chronic

Synapse loss + gliosis

Progressive degeneration



Axonal reaction is a somatic response to axon injury

• Injury of a neuron’s axon can alter its cell body.

• Axonal reaction is particularly seen when 
regeneration is occurring.

• This is a distinct process from the small, 
eosinophilic dying red neuron.

Somatic response and distal axon

Injured axon

Soma: Chromatolysis

Distal segment: 
Degeneration



Anterior horn cells exemplify axonal reaction

• The classic example is a spinal anterior horn motor 
neuron.

• Its motor axon has been severed or seriously 
damaged.

• The neuronal soma mounts a response visible by 
light microscopy.

Somatic response and distal axon

Injured axon

Soma: Chromatolysis

Distal segment: 
Degeneration



Axonal reaction reflects increased protein synthesis

• The injured neuron increases its synthetic activity.

• Cell-body enlargement and nuclear/nucleolar 
changes accompany this response.

• The morphology represents an attempt to support 
axonal regeneration.

Morphologic sequence

Axon cut/damaged

Protein synthesis rises

Somatic remodeling

Regenerative response



Cell-body enlargement characterizes axonal reaction

• The soma becomes larger than its resting 
appearance.

• It assumes a more rounded outline.

• This contrasts with the shrunken soma of the 
acutely necrotic red neuron.

Distinguishing patterns

Axonal reaction

Enlarged + rounded soma

Regenerative response

Red neuron

Shrunken soma

Acute necrotic injury



Nuclear displacement supports axonal reaction

• The nucleus shifts toward the periphery of the 
enlarged soma.

• The nucleolus becomes enlarged and conspicuous.

• These features should be evaluated with the 
altered Nissl distribution.

Somatic response and distal axon

Injured axon

Soma: Chromatolysis

Distal segment: 
Degeneration



Central chromatolysis redistributes Nissl substance

• Nissl substance disperses away from the central cell 
body.

• Remaining Nissl material is displaced toward the 
neuronal periphery.

• The central pale region contrasts with the Nissl loss 
of red-neuron injury.

Somatic response and distal axon

Injured axon

Soma: Chromatolysis

Distal segment: 
Degeneration



Axonal reaction is a recognizable feature cluster

• Enlarged, rounded neuronal soma.

• Peripheral displacement of the nucleus with 
enlarged nucleolus.

• Peripheral redistribution of Nissl material—central 
chromatolysis.

Pattern recognition

Enlarged soma Off-center nucleus

Large nucleolus
Central 

chromatolysis



Chromatolysis and red neurons are not equivalent

• Red neuron: Shrunken eosinophilic soma and 
pyknotic nucleus.

• Axonal reaction: Enlarged soma with peripheral 
nucleus and nucleolus.

• Nissl loss in acute necrosis differs from 
redistribution in chromatolysis.

Distinguishing patterns

Acute red neuron

Soma shrinks

Pyknosis + Nissl loss

Axonal reaction

Soma enlarges

Eccentric nucleus + Nissl redistribution



Wallerian degeneration occurs distal to axonal injury

• Wallerian degeneration is degeneration of the 
distal axon after acute axonal injury.

• It is a process involving the axon beyond the lesion.

• Distinguish it conceptually from axonal reaction in 
the injured neuronal soma.

Somatic response and distal axon

Injured axon

Soma: Chromatolysis

Distal segment: 
Degeneration



Axon damage affects more than one compartment

• The proximal neuron may show axonal reaction and 
central chromatolysis.

• The distal axonal segment may undergo Wallerian 
degeneration.

• The two terms describe responses in different parts 
of the same neuron.

Morphologic sequence

Axonal lesion

Somatic axonal reaction

Distal Wallerian change

Compartment-based interpretation



Case: Identify the consequence of axon transection

• Scenario: A motor axon is seriously injured.

• The cell body enlarges, its nucleus moves 
peripherally, and Nissl substance disperses.

• Interpretation: A regenerative axonal reaction, not 
red-neuron necrosis.

Interpretive task

What term describes the somatic 
change? What happens in the 
distal axon?

Chromatolysis + Wallerian



Subcellular neuronal alterations are diverse

• Damage may affect neuronal organelles and the 
cytoskeleton.

• Accumulations can involve lipids, proteins, or 
carbohydrates.

• Some inclusions accompany aging; Others point 
toward infectious, metabolic, or degenerative 
disease.

Pattern recognition

Organelles Cytoskeleton

Accumulations Vacuolation



Lipofuscin is an age-associated neuronal inclusion

• Complex lipid accumulation can occur with 
advancing neuronal age.

• Lipofuscin is an intracytoplasmic storage pigment.

• An inclusion in a long-lived neuron is not 
automatically evidence of a specific 
neurodegenerative disorder.

Intracellular change — schematic

Schematic coarse pigment granules

Conceptual drawing; Cannot replace diagnostic 
microscopy



Inherited metabolic defects cause storage changes

• Some inborn errors of metabolism result from loss 
of specific enzyme activity.

• Neurons may accumulate abnormally stored lipids 
or other substrates.

• Storage material is a category of morphologic 
change, not a single disease diagnosis.

Intracellular change — schematic

Conceptual abnormal cytoplasmic 
accumulation

Conceptual drawing; Cannot replace diagnostic 
microscopy



Viral infection may produce neuronal inclusions

• Certain viral infections produce characteristic 
cellular inclusions.

• Robbins gives herpes, rabies, and cytomegalovirus 
as examples.

• Type of inclusion and associated pathology support 
etiologic interpretation.

Intracellular change — schematic

Stylized viral inclusion—NOT microscopy

Conceptual drawing; Cannot replace diagnostic 
microscopy



Viral inclusion names must be used precisely

• Herpetic infection: Cowdry A or B bodies.

• Rabies: Negri bodies.

• Cytomegalovirus can also cause viral inclusions in 
relevant infected cells.

Pattern recognition

Herpes → Cowdry Rabies → Negri

CMV → inclusion Context matters



Degenerative diseases may form protein inclusions

• Alzheimer disease can show neuronal 
neurofibrillary tangles.

• Parkinson disease can show neuronal Lewy bodies.

• These are distinct named pathologic structures in 
different disease contexts.

Intracellular change — schematic

Schematic intraneuronal aggregate

Conceptual drawing; Cannot replace diagnostic 
microscopy



Prion disease illustrates neuronal vacuolization

• Creutzfeldt–Jakob disease is associated with 
abnormal vacuolation.

• Vacuoles involve the neuronal perikaryon and 
processes within neuropil.

• Vacuolization is distinct from an intracytoplasmic 
protein inclusion.

Intracellular change — schematic

Conceptual intracellular vacuolation

Conceptual drawing; Cannot replace diagnostic 
microscopy



Intracellular changes require pattern-based classification

• Aging can yield lipofuscin pigment accumulation.

• Inherited metabolic disease can produce abnormal 
substrate storage.

• Infections, neurodegeneration, and prion disease 
have different characteristic changes.

Distinguishing patterns

Accumulated material

Pigment / lipid / protein

Aging, storage, degeneration

Altered structure

Viral inclusions / vacuoles

Infection or prion disease



Interpret neuronal injury using a structured approach

• First distinguish acute cell death, chronic 
degeneration, and axonal response.

• Then locate the abnormality: Soma, synapse, axon, 
or inclusion.

• Finally integrate the lesion with timing, 
neuroanatomy, and reactive gliosis.

Morphologic sequence

Classify time course

Identify cell compartment

Recognize morphology

Integrate clinical context



Application: Early progressive dysfunction

• Scenario: Long-standing progressive neurologic 
decline with limited obvious neuron loss.

• A histologic section shows prominent reactive 
astrocytes.

• Synaptic loss and early degeneration remain 
plausible despite subtle neuronal depletion.

Interpretive task

Why can gliosis be more 
conspicuous than neuronal loss? Is 
it specific?

Early synaptic injury



Application: Somatic morphology points to axon injury

• Scenario: An anterior horn neuron is enlarged with 
an eccentric nucleus.

• The nucleolus is prominent and Nissl granules are 
peripheral.

• This is central chromatolysis in an axonal reaction, 
not a red neuron.

Interpretive task

Identify the pattern and contrast 
its nucleus with that of a red 
neuron.

Axonal reaction



Application: Interpret neuronal inclusions

• Scenario: A biopsy shows neuronal inclusions 
during investigation of a CNS disorder.

• A named inclusion suggests a diagnostic category 
but does not replace context.

• Differentiate aging, inherited storage, viral 
infection, and neurodegeneration.

Interpretive task

Which categories of inclusions are 
linked to herpes, rabies, Alzheimer, 
and Parkinson?

Disease–inclusion mapping



Common diagnostic pitfalls

• Red-neuron change is not exclusive to ischemia.

• Gliosis is a sensitive but nonspecific reaction to diverse 
CNS injuries.

• Central chromatolysis is not the same as the loss of 
Nissl substance in acute necrosis.

• Schematic drawings in this deck must not be treated as 
patient-derived histology.

Pattern recognition

Pattern ≠ cause Timing matters

Compartment 
matters

Context required



Core morphologic distinctions

• Acute necrotic injury: Red neuron with shrinkage, 
pyknosis, and eosinophilia.

• Subacute/chronic degeneration: Synaptic loss, 
apoptotic death, and gliosis.

• Axonal injury: Somatic chromatolysis and distal 
Wallerian degeneration.

• Inclusions and vacuoles: Additional morphologic clues 
to specific disease classes.

Pattern recognition

Acute Chronic

Axonal Inclusion



Textbook foundation and evidence limits

• Primary textbook: Robbins, Cotran & Kumar, Pathologic 
Basis of Disease, 11th edition (2026).

• Chapter 28, “Cellular Pathology of the Central Nervous 
System,” pp. 1130–1131.

• Slides paraphrase the supplied text; original figure 
28.15A and chapter PDF were not supplied.

• Neuronal drawings are original editable teaching 
schematics, not histopathology images.

Pattern recognition

Source-based
No invented 

datasets

Editable schematics
Morphology 

focused
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